Hepatic regeneration following partial hepatectomy (PH) and biliary hyperplasia subsequent to bile duct ligation (BDL) were characterized in rainbow trout (Oncorhynchus mykiss) by light microscopy using routine and special (immunohistochemical 
INTRODUCTION
Teleost fishes have proven potential as subjects for investigative and environmental toxicologic pathology (26) . Of the target organs in fishes, the liver is an especially important site for acute (42) and chronic toxicity, including neoplasia (27) . Livers of fishes are similar to those of mammals, but there are important differences (23) (24) (25) . A fundamental difference is the glandular arrangement of cells within the teleost liver, which translates into an abundance of biliary epithelial cells in close proximity to hepatocytes within the parenchymal compartment (27, 28) . Whereas hepatocytes of mammalian liver are arranged as a continuum of laminae (2) , analogous structures of teleost livers are tubules of hepatocytes and biliary epithelial cells, with lumens and mural elements of hepatocellular tubules providing the architectural framework for an intrahepatic biliary tree. Morphometric quantification of cells within the parenchyma of rainbow trout (Oncorhynchus mykiss) liver has revealed ratios of biliary cells to hepatocytes as high as 1:7 for males and 1:10 for females (24) . In (23, 45) .
BPDECs of fish share many histologic and ultrastructural features with mammalian oval cells (15) . Although not routinely observed in resting liver or following partial hepatectomy (6, 48) , oval cells appear to be involved with hepatic reconstruction following severe chemically induced necrosis such as that produced by carbon tetrachloride (CC'4) and galactosamine (11, 46, 63) . Some investigators have observed passage of oval cells through a transitional phenotype prior to differentiation into small hepatocytes (34) . The appearance of transitional cells and the apparent differentiation of oval cells into hepatocytes has also been widely reported in rats exposed to azo-dye carcinogens (29, 30) and in studies utilizing a modified Solt-Farber protocol (hepatectomy combined with exposure to 2-acetylaminofluorene). In these protocols, 3H-thymidine-labeled oval cells were shown in serial analyses to transition into labeled basophilic hepatocytes (13) .
In addition to mounting evidence that oval cells can differentiate into hepatocytes, there are also data indicating that they may serve as biliary precursors. Proliferation of small &dquo;ductular cells&dquo; is a consistent finding with extrahepatic bile duct ligation in rats, and morphologic descriptions of ductular cells are essentially identical to those of oval cells (60) . Ductular/oval cell proliferation is also seen with dietary exposure to alpha-naphthol-isothiocyanate (ANIT) (41, 61) . In both models, there is histologic and ultrastructural evidence of subsequent oval cell differentiation into biliary epithelium. The presence of shared phenotypic markers (between hepatocytes and oval and biliary cells) and the appearance of transitional phenotypes has prompted many researchers to support the hypothesis that oval cells are bipolar progenitor cells for both hepatocytes and biliary epithelium in mammalian liver (12, 21, 22, 56) .
In contrast to mammalian studies, comparatively little work has been done with respect to hepatic regeneration and/or investigation of a stem cell hypothesis in teleost liver (54, 55) . Primary support for the possible existence of a fish hepatic stem cell has come from the discovery of mixed epithelial tumors in livers of carcinogen-exposed fish (26, 27 (5, 8, 35) . In contrast, the 2 antibodies that comprise MAK6 recognize only 6 cytokeratins (5, 8, 35 (14, (18) (19) (20) 43 ). In rainbow trout, 15 cytokeratins have thus far been identified using 2-dimensional gel electrophoresis : 7 &dquo;E&dquo; (epidermal type) keratins (E1-E7) and 8 &dquo;S&dquo; (simple epithelia type) keratins (S 1-S8) (38) (39) (40) . Trout liver is dominated by hepatocellular cytokeratins S 1, S4, and S5 but also has traces of biliary epithelial cytokeratins S3, S6, and E3 (38, 40 (17, 43) .
Establishing homology between trout and mammalian cytokeratins has in part been accomplished with antibodies specific for human epitopes. Several investigators (38) (39) (40) have reported that AEI is specific for trout biliary epithelium and that AE3 cross-reacts with trout hepatocytes, bile ducts, and gall bladder. Although these findings appear to be in direct conflict with our results (hepatocytes from control trout were cytokeratin negative with AEl/AE3), differences probably were due to methodology. Although our use of formalin fixation and paraffin embedment maximized visualization of histologic events, it almost certainly resulted in some loss of antigenicity, especially in comparison with the frozen sections and immunofluorescence used in earlier studies (38) (39) (40) . In another study assessing cytokeratin expression in striped bass (Morone saxatilis) and medaka, using formalin and Bouin's fixed tissues, the investigators reported essentially the same results that we achieved: hepatocytes were uniformly negative with AE 11AE3 and MAK6, and bile ducts were mildly to strongly positive with the same 2 antibodies (5 In control rats, ALKP is absent from mucosa of interlobular ducts but is a consistent feature of connective tissue sheaths of all hepatic ducts (66) . With BDL or dietary ANIT exposure, ALKP is strongly expressed in proliferating ductular/oval cells (7, 58) , and differentiation into new bile ducts results in marked decrease or complete loss of enzyme expression (7) . Ductular/oval and transitional cells, isolated from normal rats, rats given DL-ethionine in drinking water, and rats maintained on cholinedeficient, ethionine-enriched diets have also been reported as positive for both ALKP and GGT (7, 57, 58, 66) .
The absence of GGT activity among proliferating BPDECs and immature biliary cells following BDL in trout was unexpected. GGT is strongly expressed in hyperplastic biliary tissue subsequent to BDL (58) or ANIT exposure (50, 58) 
